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Appendix

In this appendix we provide additional information about the relations between each participant of the
market. The first diagram presents the flow of heat and participant relations as an overall picture, and after it

there is set of three business model canvases to show value propositions and other aspects of the business
models in more detail.

In all business models we have focused on a situation where the housing company acts as a heat supplier for
Helen with the help of the energy service company.
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- Energy service company
installs and operates
heating system.

+ Extra heat is sold
through feed-in tariff

City of Helsinki provides
real time temperature
monitoring system to
each apartment.

District heat as back-up
(hybrid tariff).
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+ Risk free comfort with
as low cost as possible
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Continuous network
optimization based on data
from network, buildings and
production.
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Reliable heat delivery
between all heat users
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Low distribution cost for
all participants
Renewable heat
Compensation for
excess heat from
customers

Gradually lower
emissions of heating
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District heating network for
heat transfer between
consumption and production
Transparent and fair tariff
system: hybrid tariff, feed-in
tariff.

- Distribution + Apartment buildings
agreements with
customers -« Office and commercial
« Heat sale and buildings
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« Heating network maintenance and
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and other heat production costs
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Energy sale agreement
b with Housing company
Heat sale agreement
with Helen (feed-in)
Heat purchase
agreement with Helen

Heat sale to Housing company
Heat sale to Helen (feed-in
tariff)

District heat purchase from
Helen (hybrid tariff)

Smart heat control Building level energy

« Housing companies

+ Heat pump manufacturer
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low cost as possible
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+ Energy service payments

Heating system lease payments to

investor + Heat sale payments (feed-in
- Real time operation and optimization tariff)
of the system
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2019 (2018) 2024 2080
Emission factor Electricity, G Heal, GWh  Efficiency  Fuel, GWh  CO2, MU Electricity, M Heat, MU Electricity, G Heal, GWh  Efficiency  Fuel, GWh  CO2,ML Electricity, M Heat, ML Electricity, G Heal, GWh  Efficiency  Fuel, GWh  CO2, ML Electricity, M Heat, MU
Yawh Coal 200 a0 % et 205 16 1w Coal a0 140 %% o4 0% 0% 0@ Coal 0% o oo
m los w0 amo  omw am om  ow oz s o 12w ons 0s o cas w2 ime  mw o3 om o3 o1
18 oi o oox ®  om o3 o o oo ® 00 o 0% o oo 000
284 lcas 0 0% w o 006 s w0 oox  am 006 cas s o 31 o3 003
30 Llectricity o 300% 0 000 0,00 Llectricity 100 300 % 33 0,00 Llectricity 1601 300% 534 0,02 002
Otter 0 Otter 2006 Otter 2968
a0 w0 s 1m 1w w0 aw 158 os 0w w2 ses 0ss o3 o
Elctricity, condensing 30% Fecuicy, condensing % Electricty, condensing %
Heat, HOB 90% Emission factor (heat) 191 g/KWh Heat, HOB 90% Emission factor (heat) 106 g/KWh Heat, HOB 90 % Emission factor (heat) 32 g/xwh
Electricity, fu Heat, fuel Corrected to official figure 198 g/KWh Electricity, fu Heat, fuel Electricity, fu Heat, fuel
Coal s on coal nse  on Coal o o
s wn o s By nw as o7 pa
Electricity  Heat Electricity  Heat Electricity  Heat
Coal 3684 2927 Coal 1474 171 Coal
s B 1w s 1025 789 as 1765 78
Annual new heat capacity, MW 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039
Deep geothermal 20 20 40
Medium deep geothermal 1 1 3 5 5 10 15 20
Data conters & other ind. excess heat . 3 > 1 s B 10 10
i t0-water hat pumps 1 3 6 10 15 s
GSHP & othe: 1 3 5 6 10 15 30
, » , . , ,
Tolal, MW 5 5 9 34 2 35 75 115
Cumuativecapacity, MW s © 1 s s om0 1w
Ivestmers, ME 15 22 101 ss0 25 a0 1021 1sss
Investment (urn, ME 15 57 188 769 91 w3 14 m9n
Avevalnew supported DH, MWh a0 su0 570 1720 119% 178080 381600 SES10
Supported DH, MWh 25480 50 880 96672 269664 381 600 559 680 941280 1526400 1526400 1526400 1500960 1475520 1429728 1256736 1144800 966 720 585120 0 Tariff period 18 Years
Average tariff cost (high), &/ MWh S, 1 3, 1 9,5 1 3, 1 9, Average consumption 6 Twh
Feedin tariff (high), M€/a ) 1 2 5 7 n 2 E » » » b33 2 2 1 u [ Average heat price (VAT 0%) 60 €/MWh
Feed.-in taniff (high, cum), M€ o 1 3 9 16 27 a5 s 105 134 163 192 220 244 267, 285 297, 297
Average tariff cost (base), €/MWh 195 185 175 165 155 145 135 125 15 105 95 85 75 65 55 15 35 25 Costincrease
Feeckin tarift (hase), M¢/a o 1 2 4 6 8 13 10 18 16 16 13 1 8 6 4 2 0 (14SME/(6 TWH*18 years)) 1,3 navh
Feed-in tanff (ase, cum), M€ 0 1 3 8 13 » 38 53 n 8 101 118 124 132 139 143 145 185 11,3/60 €/MWh) 22%
Fuel cost  Electricity be Other cost Taxes CO2cost  Price of heat €/MWh
Salmisaari 5622 6400 613 7302 5926 13063 4354 Heat production cost, &/MWh Capex Opex Feed-in Tariff
Deep geothermal 34 5 s0
w Medium deep geothermal a2 31 50
. - Data centers & other ind. excess heat 8 33 50
Electricity capacity 160 Coal 11 ¢/Mwh
_ . Air-to-water heat pumps 17 39 50
Heat capacity 300 Electrciry 40 €/MWh
GSHP & other building integrated 3 M 50
Fuel capacity s11 co2 34 €/rco2
Electric boiler 2 67 50
Coal-salmisaari m 50
Average feed-in tariff 50
An example of GSHP investment with and without feed-in tariff
GSHP, Heat input 0,169 MW GSHP + Feed-in tariff
Investment, GSHP 0,216 M€ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15|
Investment, DH sale 0,034 ME Investment -199 867
Peak utilization time 6500 h/a Electricity -33 486 -33 486 -33 486 -33 486 -33 486 -33 486 -33 486 -33 486 -33 486 -33 486 -33 486 -33 486 -33486 -33 486 -33 486
Building 2500 h/a o&am -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5493 -5 493
For sale 4000 h/a Heat to building 22804 23032 23262 23495 23730 23967 24207 24 449 24 693 24 940 25190 25442 25696 25953 26213
Heat production 1099 MWh/a Feed-in tariff 33 800 33 800 33 800 33 800 33 800 33 800 33 800 33800 33 800 33 800 30420 30420 30420 30420 30420|
Building 423 MWh/a Cash flow -199 867 17625 17853 18084 18316 18551 18789 19028 19 270 19515 19762 16631 16883 17137 17394 17 654]
For sale 676 MWh/a Cash flow, cum. -199 867 -182 242 -164 388 -146 305 -127 988 -109 437 -90 649 -71620 -52 350 -32835 -13 074 3557 20 440 37578 54 972 72 626
e of electricity 73 €/MWhe
0&M 5 €/MWh(th) 3% NPV (3%, 15a) 16831 €
Feed-in tariff for heat sale 50 €/MWh(th) IRR. 42%
Heat sale price after feed-in tariff 45 €/MWh(th)
Price of district heat 53,4 €/MWhth)
Annual price increase of DH 1% Only GSHP.
Electricity, for sale 338 MWh 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Electricity, for building 121 MWh Investment -172 800
COP, for sale 2 Electricity -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8812 -8 812
COP, for building 35 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113 -2113
Investment support 20% Heat to building 22804 23032 23262 23495 23730 23967 24207 24 449 24 693 24 940 25190 25442 25696 25953 26213
Feed-in tariff
All figures, VAT 0% Cash flow -172 800 11879 12 107 12338 12570 12 805 13043 13282 13524 13769 14016 14 265 14517 14771 15028 15 288
Inflation not included in calculation Cash flow, cum. -172 800 -160 921 -148 813 -136 476 -123 905 -111 100 -98 058 -84 775 -71251 -57 482 -43 467 -29 202 -14 685 87 15115 30 403
Assumed that residents pays the same tariff than earlier used district heat
Cooling not included, but it brings extra value 3% NPV (3%, 15a) -12305 €
IRR 20%
Only Feed-in tariff (needs GSHP to work)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Investment 27067
Electricity -24 674 -24 674 -24 674 -24 674 -24674 -24 674 -24674 -24674 -24 674 -24674 -24 674 -24 674 -24 674 -24 674 -24 674
0&M -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3380 -3 380
Heat to building
Feed-in tari 33800 33800 33800 33800 33800 33800 33800 33800 33800 33800 33800 33800 33800 33800 33 800]
Cash flow -27 067 5746 5746 5746 5746 5746 5746 5746 5746 5746 5746 5746 5746 5746 5746 5746
Cash flow, cum. -27067 -21321 -15575 -9829 -4083 1663 7409 13155 18901 24647 30393 36139 41 885 47631 53377 59 123
3% NPV (3%, 15a) 40319 €
IRR 19,8 %




